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Abstract 


An improved catalyst for catalytically hydrogenating maleic acid, maleic anhydride, or other precusors to 
obtain 1 ,4-butanediol and tetrahydrofuran is disclosed, it contains carbon-carried Pd, Mg. Re and at least one 
metal chosen from Fe, Al, Co and their mixture. 
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2. fcjpJS* l WflHfcfcl. £ + i^fgittfrJl^W 0.1-20 KSKKMBi 

0.1-20 m*%W^; 0.1-20 # 0.1-5 

3. ft*JK# 2 W*«i«.* + *flHfc«l*ff 2-4 M%&|«,2~ 
4M%W«s 5-9 SI 0.2-0.6 S 

£. 

BF. $iG$tF, 3*M. ^*9&Sli> y-Trtft. 

# Y -Ti*iss*ittS4>-#o 

7. 4 #J^&, MflS^J^W 0.1-20 Uttfttt: 
0.1-20 Mfi%R<jm; 0.1-20 M%#J#; fP 0.1-5 M%fl«jS4>— «• 

8. *t*l5l*7 W^TJi, £*WflBifc*J'£W2~4fi*%fl<Me« 2- 




4 5—9 * 0.2-0.6 M%ftjM4>— ft'ft g £S> 

9. Rftfs^ 4 ttjT&, **fin^*atr#wtfcH* 5:i s 

5 1000:1 ztfS). 

10. R*J»#4l»m K + ^S^W^^^ffi^^ 20-400 * 

io ii. «f!HI*4tt36rtt. &*&MBtra3f o.i$M*M20/jNRt. 

12. -fttt^^ lAT-itt^ttilSiftitt^, ^^r 

is (ii). fgM> &M*aS4>-#ftiilS> 

(iv). «Ej£HC*#T«F«aaw*«^MSffliq«fti!l ioo-350-c. 

20 i3. 12 fo^m, n^^mw^m.itm^mMHmm^m 

i4. ftfus* 12 w^ra-, jt+m*fc*yj£&sw», atftfi, 

is. 12 m*&&m(iv)zjam®m4tu^-zim 
m.mwmm.HmM#}A&utnmm 40-250^ 

30 i6. $Lmm& 12 m^m, n^mwmm.mwm^^Mm, m& 
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17. -mj%?m&mm&imw ®ijm&tsm 

(iii). ^^-jf^^liB^^^S^^^Sl^WI^^^M; m 

av). &&m&ftTmmmM$tmw)A&mu% l m ioo~35o-c„ 

is. ®.mm#i 17 fftjrm, n*M-%mm.mte&&&^*:m, 
15 ggir, gs,®, ^56^, ^a^ffF, m%mm. -tin&wm, y-T&m, 

19. Umm* 17 itt^m, &*to^iP&itirft#>3*Sg. 

20 

20. 17 wjrm, n^mmum^ 0.1-20 M%ffHB; 

0.1-20 M%#J*S: 0.1-20 M%£Kjlfc; *P 0.1-5 M%#J3E4>— fa 
25 21. WJS* HMM.K^WMMf 2~4ll%Wtl ; 2~ 

4M%#j*t ; 5-9 m%&^; in o.2~o.6 nm%Mm.'J>-w&&$8. 

22. &*Jg#17M#&, R^M.^BlMmteMttrnft 5:1 M 
30 1000:1 2. (Q. 
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23. 17 fft#&, H + ^ftnW^WffiAA 20-400* 

24. fejpjfi^ nw^a- »«4»«*fcB«rra* o.i $h*m 20*11*. 



±Mo &m#.MiEB,*m* %*mmm&tt$M\s.MMmQm,m& 1,4- 
T=.mftmm.&mto*&*m&mA*R&j*toto&fg&&nm 1,4. 

&mm*a, ESIS^*> y-Tl*lBS*n l,4-T-3££it&^#&Bf*R 

mm, #R&m&ft£ik¥&mmmMm4fr&tfi+mfc. y-r^mm 
mT^mrmit^m, wz.m^^mmmm.mm-n^mi^o y-r 

mm, mmmftm&to—w+mit, mn.mn&fo&j-w&mm, m 

^H^^IJB 1,534,232 TO7fffli^t#±fl<)€#tM 

& w - # a p m m it m w & $ , n m m m n ft a . * a 1? * y g 4 , 5 5 0 , 1 s 5 
mw, 4,609,636 t ^^wrtK-e^jtatawmrflcffi-tt 



10-25 ^fl&fjf^^/hf 2.5^. 

Hffl^^lJ^ 4,985,572 ^«it7^ffl^W^©:#±S<J^>^S 

&mm*im&. m. 4&, 4®, 4*, 4g, 4t, *p*a. 

(600'C) &fiM&£t3Io 

WO 92/02298 ^•JfT-#^-W^-ft«^-h^ie«^WA^S* 
fg, 4$, 4S, IT, 4£, 4£, 4$, 4£, 4&, 4§, 4*, 4&, 4&, tt^ m> 

fee. 4«, is, m^fgffa^wm^w-ftm^ft^MWips. 

*£BJS;£T-*$1^£^i£4*±ltt4£, 4S, 4**PMd>-#&l=i 
4*, 48, ^^^ffl + ^M^^^^JSW^^JWS^ffitt.^J^ig^ 



(ii) . &fi*Ht*iMMM. mas. ***n£4>-#fc&tfe, «, 

(iii) . £#-««^liJg^*S*«tt#ft#!m*«fcJ, *Q 

(iv) . &j£m*1¥T1fimmte*tmi*jkm*jKmmto ioo~350 

'Co 

j«:itbff«WprinMBir^ M €^»ipMBtpr7 ic ^ 1,4- 
M. jET^5B#W*Mfc*fato*lE;*:8r 300-600-c WSSW*^ 

0.5-20 (50~2000kPa) ftjffi^Titfro 

Aiwta ch 2 ) Hft&^m&H&immn&H. 

(H 2 ) UA^&W^WlRn (N 2 ) , , 



200m 2 /g, fjfcjfc 500— 1500m 2 /g #J BET 



^mitmm^^^ 0.1-20 mm%. vtm±&i 2-8 mm%, 

Ift4*»2~4lt%d!l« l 0.1-20 «*%, tt&*^l~8S 

*%, sEtf;&:*:#J 2-4 0.1-20 m*%, l- 

1011%, Httifc*^ 5~9li%M*; 0.01-10 m.M.%, Vtik 

±m 0.1-5 mm%, w.vt&*#j 0.2-0.6 s*%a«iM£i>— *ms&«. 
i $%i'&in*&}M'&®&)i&m. &mtfiikw& 10/1 1/10 zm. 

m. sanest, ^mw, fctme. nx.mmm. i %&ttfoi±mm 
0c> it> #3, sg, flj«-^*-ffc««j 



t84fc-£^ *4fc-&#K fritit®, 
WK*«l««l«#-#«Mb^«f»«ifc«l. 

ft*«-ji»#Rrajiiia*nwib*«f. **ft^*tt*«*2KW*#w 
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£M) 120-5 350TC^m, ffcft***J 150-5 300T?2.f(l]&<J?&jg|ft 

**!IWMi'l'l»<BKW^T 100 ClOlft*) Wf^iit 
io x M^flrW (xrd) *a*3«ii£l*&^m 

wtt (stem) (w«mt, $e#i& 

ttffitt, BK#4fi*P**tt»i*aL) tflAW^f 50 « (5 

fitf^JltafcWI^tofi J. R. Anderson ifg<] "&mS<ttSftJfl<jgj 
15 <3**ajJK*fc, 1975) — U^WJS 358-359 Kflf^JiC. 

i»*w^:*ist*w*ib«*rffliPStH^5iHi* 4,985,572 ^mmm^ns 
m. <bp^:^6oo'c) &mm#m, 

20 

*ttflrieM.«fti«!i+*wm*. £ft«&#*fl£±ift PdAgReFe « 
30 **«w«*iaMwttffiwa««wft*^«#a6s;sjffi#3E 
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if, mtemmm. 

m&^&mmm&&mmmmmi&m*mM&*'Ptemm. aim 
3o~5o ii%w^ii«ias. 

10 «iPiaL^*ttiSfew**»it*^:^ 50-350-c, mt%fci)%*m 

20-400 ^^-^RjJaMiT^Wtb^J CH 2 /P) % S:l M 1000:1 

fcmnmm% 50~250"C, Htt&;*l80~200-Co 

15 i,4-t-#, mm.»km* y-TPimm^mmm^m^ 

MFmsix&j so mft%m&n, &MM&±i&9omfc%s£w.m, m& 

mm, mm, ¥«s. jet&, =.m.itm. u&mm 

25 An^ttfUffiMH^m^. 

30 #45j£&fliij& (70 M%) 50^^. i£$gF*£ 
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m^m^i 74.6 j£ CECA m 1.5mm ACL40 jft^Fttifcf. EiKStiig + ffi 

35 i6 *ttto*m#mtt*.-xik&B. 

ft 35.1 jfcfBggffiME (8.5 M*%Pd) ,11.95 £ffi«HK#tt (53.3 
S*%Re) *B 7.9 £&58B6 (70 M%) S^tffliH^^WfS 50 
^#±&ACL40;i£2UBi£Pd+R c ^ft«m. ^E««j4»t» 
ffifc#«fi«**P. Wtt«*«tt« 2 /hW, 130*C^2/hW. 

«F 4.7 ftffim®m 7.9 5£^8}|^^ffl*»f ZM*#S 50 & 
?K £$;5&_h& PdRe/ACL40 &flft**P%Kft*#Tffi$ffiK«tt 

J»*a-^*»3E 3.5 /hfft, ®m& 130"CT* 64 /JsHt. 
^#{t^^J^? 3.3 M*%Pd/3.3 S*%Ag/7.1 fi*%Re. 

JIWl: £ic£^±ltt PdAgReFe W#J& 

# 45 ft&ljgtt (70 ID 1 (Fe(N0 3 ) 3 .9H 2 0) M 

&#m£M?7kffimm so 74.6 £ ceca w 

1.5mm ACMO^ardi*. £«ffii£iS + fSft#**il»4P. #$I-£4&J* 
S65^«t» 130'C ; F*2>Mtt. W65^W*IWWlW2.4/h 

* 35.1 (8.5 fi*%Pd) , 11.95 ^W^K^^ (53.3 

ma%Re) id 7.9 timmm ao mm%) m^^m^^mmm so 
mjsft±.& AciAom&m&pdm.emm&&. &««i±g+« 

*JW«6JS^*P.«F*«^»*B 2.5 'Mtf,&J§# 130'C^ 2.25 /jMtf. 

ft 4.7 £«g&«?Q 7.9 50 % 

51-. $j5^±i$ PdRe/ACL40 ffiiH^^«6)Kft<I*#Tffl«5Btt«* 
^i£?l£-TOS80#f*, 130*0^*69*8*. ffi 

nmtt>M%) 3.3 M%Pd/3.3 S:S%Ag/7.1 «*%Re/0.3 S*%Fe. 
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^gij^tki A m%mW 1 Hastelloy (l£#r# 

&#i*&^fell*h&'£:£) C276 5«SJ^* + ffiia^W Hastelloy C276 

^\hfi<JttlR] HastelloyC276 MJSt+«I?L. 

^-#tt,^J«E^ASM5:ltf^ 50/70 gMS^JI^ 
ttittftl 0.625 5^3* > . #20*7H£4fcftJ (12.15 ]£> #tA3fc—t&& 

io m 40 mnmitm (24.3 ^xm-^^jsis. ^-sw^^mr^^ 

fi4fcftJ£*^ffi;tlT&?ftsl!j& > H UOOsccm) <%&mTnMg.&Jg.&?T 

A^lMI 30*C*£JE 5 /Mtt 
^ 30*CS lOO'C^JK 2/hB* 
15 kk lOO^CS 230*C*£JK 11 'Mtt 

£ 230°C{£3# 5 /|N&t 

*n#W«JR. &#JI*4+s,*&ftifc**> 35.5 fiS%. flMfcfcl»tt 
20 W2f»*#Jp"F« 

• ffi^J: 2500 psig 

• H 2 /4*MJIi»WtkW: 88 

• H 2 ft: 0.083 

• 3g-&&3§: 

25 100-C 
LHSV: 1.6 W 

f^ftSfiflE' 153-162'C 
LHSV: 0.8'hfcT 1 
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* 1 JUtiiT PdAgRe/C IP PdAgReFe/C flMfcflJ«J 7** 



3t 1-flMfcfcl 




I 




fa] His 


as 

CC) 


%BDO 


%THF 


%GBL 


%BuOH 


%SAC 


PdAgReFe/C 
(&»J 1) 


185 


153 


89.5 


5.6 


0.6 


4.0 


0.05 


PdAgRe/C 


185 


162 


86.3 


8.8 


0.9 


3.8 


0.08 



* 1 ^m^BJ PdAgReFe/C fl&lfcfclft BDO ^WMtfcHS. ft 1 5£ 

$M^iJ 3: ftft££t±#J PdAgReM tfj#J&, Jt* M *J Fe^ Al, aK Co 

a) . PdRe/Norit RX1.5 Extra 

ft 584 j£NoritRX1.5 Extra %t%t&%l (^^te^3EWM^^ 
MNoritilim^Pg&lr]^) ffl719^«EW« (70fiS%) 

* 218.1 £«iijg?4fi$#i£ (8.5 fiS%Pd #^ 10 £*% HN0 3 «t» ) > 
114 j£ffitt&Jgtt (56.36 M%Re) . 234.6 £ifcfl!«fn 151 
7Xvl^ ; S-^o &%tmWm 96%M® Pd/Re 

ttS2'Mtt. 130r=F*ij±ft€. »SI 671.7 JK*t». ^Pd-g-S 

* 2.6 M%, Re -^a^j 9.2 M%. ( 150'CTltt5*;fi%) *J 

3.4li%. ^^*4^^8~84^WaP^. 

b) . PdAgReM/Norit RX1.5 Extra 6*3 

fcTffi#«»*J#Hftfi4fc*J, M = Fe. All£Co. T*&&7te 
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$L2 



PdRe/C 


AgN0 3 

mm 


HN0 3 

mm 

(70wt%) 


H 2 0 
** 

(£) 


M 




(£) 


63.4 


2.5 


6.9 


38 


Fe 


FeCN0 3 ) 3 -9H 2 0 


2 


63.4 


2.5 


6.9 


38 


Al 


A1(N0 3 ) 3 -9H 2 0 


1.86 


63.4 


2.5 


6.9 


38 


Co 


Co(N0 3 ) 2 -6H 2 0 


1.44 



M=Fe&M,*yffJ#J#&T: & 2.5 ^fit®^ 6.9fttfiffim> *n 
2 £ Fe(N0 3 ) 3 -9H 2 0 iOAS'J 38 #m^%M*M£@#ifF 
ft?. =&63.4 5£ CHO^ft") PdRe/Norit (Mft^ O i£ Ag/Fe 
8t. #««#*tt«^:«2.5<Ml*. 130^^^^ 

+=p«4.5/|NBt. Jt'&flgtt.ftj (M=Aia£co) ffl«raw^r^:«!i#. 

&ttitt 4: ^-*^*K«ft««*«#±W PdAgReM «4fcftJ±ltt*n 
fl. M 3j Fe, AK §2 Co 

BitM&}MT&& Hastelloy ( B&*M*ifrt*fell«£Wti»t*& £ 
£>C276^&&»4'ffl;ta&WHastelloy C276 t&fi 1 0.516 
I^W^S. ^T-fijBZ**^ — -t- l/8^-^W%(°J Hastelloy C276 MS 

ra4fcfcl£»*A&&»£ffir-5 50/70 Itt^t^ («£flltt. 
fPJ 0.625 ^^) . * 20 *7H*«i*l U2.15 &> ftA^-^fiJSS, 
tt40*7HIHfc*J (24.3 3k) tAirtSSS. fc**2.ir5fe*««i 

*|ffi^ffi*T**3*ft*l (400sccm) * jSJRTTfliftlSWaESMTfc 

^MI 30*C^JKi 5 /MI* 

30*CS 100 "C^K 2 /J>ltt 

100'CM 230'C*£j?J 11 ^Bt 
& 230°C^& 5 /J>W 



: :: : : ... • 
••: ••: • : :: : * 

mHft&mm* ^M^'fi^KK^/t^ 35.5 m%. mvcm 

• ffiij: 2500 psig 

• H 2 /(MAC+FAC)il3N.fi<jfcfc#iJ: 88 

• H 2 ^h^-/tftJFtt: 0.083 

^iS^iM: lio'C 

LHSV: 1.6 /.hftT 1 

Wi&^iM: 153-162-C 
LHSV: 0.8 'haT 1 

^ 3 ?!)tB T PdAgReM/Norit RX1.5 Extra fl£4t?i!jlti$H-&g£$. 



* 3 «^^jit^f mm 



mum 


TOS 


SetT 


Mass 
Bal 


BDO 
sel 


THF 
sel 


GBL 
sel 


BuOH 
sel 


PrOH 
sel 


SAC 
sel 




14.3 


165 


0.97 


88.15 


6.51 


0.22 


4.30 


0.42 


0.03 


PdAgReAl/C 


31.8 


161 


1.00 


89.18 


6.81 


0.20 


3.01 


0.30 


0.04 




44.4 


152 


0.99 


91.01 


4.97 


1.43 


1.80 


0.17 


0.28 




19.1 


165 


0.97 


86.92 


8.07 


0.22 


4.12 


0.55 


0.02 


PdAgReCo/C 


44.5 


152 


0.97 


88.83 


6.67 


1.82 


1.95 


0.19 


0.39 




68.7 


152 


0.99 


87.78 


7.34 


2.12 


1.96 


0.19 


0.46 




19.0 


165 


0.98 


88.70 


7.82 


0.23 


2.79 


0.32 


0.01 


PdAgReFe/C 


43.1 


152 


0.99 


87.94 


6.39 


3.10 


1.59 


0.15 


0.70 




64.3 


155 


1.00 


88.62 


7.78 


1.15 


1.93 


0.19 


0.21 



TOS = m : MHH (/jN0t) ,GBLsel = %Y-T[*ia§j£#tt 

SetT-SMi&^M CO BuOH sel=%TB?i$s#tt 

Mass Bal = M*¥^ PrOH sel = %F*3B?i£# f£ 



20 BDOsel = %l ) 4-T^^5£#tt SAC sel = %5£iS^ 

thf se\=%mm.okm&nttL 
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